The genus Flavobacterium, belonging to the family Flavobacteriaceae, phylum Bacteroidetes (formerly the Cytophaga-Flavobacterium-Bacteroides group), was proposed by Bergey et al. (1923) and its description was subsequently emended by Bernardet et al. (1996) to include Gram-staining-negative, aerobic, yellow-pigmented bacteria, predominantly motile by gliding, with genomic DNA G+C contents of 32-37 mol% and menaquinone 6 (MK-6) as the major respiratory quinone. More recently, Flavobacterium species with G+C contents above 37 mol% have been described (Kim et al., 2006; Wang et al., 2006) . The genus Flavobacterium currently comprises over 60 recognized species (http://www.bacterio.cict.fr/). Flavobacterium strains have been isolated from a wide range of habitats (sediment, fresh water, seawater and soil) and display a variety of physiological characteristics (Bernardet et al., 2002; Bernardet & Bowman, 2006) . The most recently described species are Flavobacterium defluvii, F. aquidurense, F. hercynium, F. terrigena, F. terrae and F. cucumis (Cousin et al., 2007; Kim et al., 2009; Park et al., 2007; Weon et al., 2007; Yoon et al., 2007) .
During a study on the microbial diversity of a mesotrophic artificial lake (37 u 209 180 N 127 u 169 110 E) in Yongin, Gyeonggi, Republic of Korea, strains HMD1001 T and HMD1033 T were isolated from the lake water. Both strains were isolated by using the standard dilution plating technique on R2A agar (Difco) and incubating for 48 h at 20 u C. The isolates were routinely cultured under the same conditions and preserved, as suspensions in water with 20 % (v/v) glycerol, at 280 u C.
Almost-complete 16S rRNA gene sequences were obtained for strains HMD1001 T and HMD1033 T as described previously (Cho & Giovannoni, 2003) . The EzTaxon server (Chun et al., 2007) was then used to identify phylogenetic neighbours and calculate levels of 16S rRNA gene sequence similarity. After it became clear that both isolates were closely related to members of the genus Flavobacterium, the phylogenetic relationships between strains HMD1001 T and HMD1033 T and the type strains of representative Flavobacterium species IP: 54.70.40.11
On: Sat, 29 Dec 2018 11:10:19 were re-analysed using the MEGA4 software package (Tamura et al., 2007) . Phylogenetic trees were inferred using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbour-joining (Saitou & Nei, 1987) algorithms. The robustness of the topologies of the maximum-likelihood and neighbour-joining trees was evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. All of the phylogenetic trees generated in this study ( Fig. 1 ) indicated that strains HMD1001 T and HMD1033 T belonged to the genus Flavobacterium. Strain HMD1001 T appeared most closely related to Flavobacterium fluvii H7 T (96.8 % 16S rRNA gene sequence similarity), F. succinicans DSM 4002 T (96.6 %) and F. hydatis DSM 2063 T (96.6 %) whereas strain HMD1033 T appeared most closely related to Flavobacterium psychrolimnae LMG 2201 T (96.2 %), F. segetis AT1048 T (96.2 %) and F. weaverense AT1042 T (96.2 %). The corresponding sequence similarity between strains HMD1001 T and HMD1033 T was 95.9 %. 16S rRNA gene sequence similarities between either novel strain and the type strains of Flavobacterium species were ,96.8 %. These values indicated that strains HMD1001 T and HMD1033 T each represented a novel species of the genus Flavobacterium (Wayne et al., 1987) . The type strains of F. hydatis, F. psychrolimnae, F. weaverense, F. fluvii and (as it also clustered with strains HMD1001 T and HMD1033 T in the phylogenetic trees) F. flevense (Table 1) were obtained from culture collections, grown under the same conditions as the two isolates, and used as reference strains in all phenotypic tests.
Cell morphology was examined by light and electron microscopy, using cells from a broth culture. Flagellar motility was investigated using motility test medium (Difco) and a flagella stain kit (Difco) while gliding motility was assessed according to Bernardet et al. (2002) .
Gram staining was performed using a Gram stain kit (bioMérieux) according to the manufacturer's instructions. The bathochromic shift test and a 20 % (w/v) KOH solution (Bernardet et al., 2002) were used to check for the presence of flexirubin-type pigments. Catalase and oxidase activities were evaluated using standard methods (MacFaddin, 1980) . Anaerobic growth was tested, on R2A agar at 20 u C, by using a GasPak EZ anaerobic container system (BD) according to the manufacturer's instructions. The pH range for growth was determined in R2A broth at 20 u C. The medium was adjusted to pH 5.0-10.0 (at intervals of 1.0 pH unit) using 0.1 mM sodium acetate buffer (pH 5.0-pH 7.0), 0.1 mM phosphate buffer (pH 7.0 and 8.0) and 0.1 mM sodium carbonate buffer (pH 9.0 and 10.0). Growth in the presence of 0.5 % and 1.0-10.0 % (w/v) NaCl (at intervals of 1.0 %) was investigated in R2A broth. The temperature range and optimum temperature for growth were measured in R2A broth at 4, 10-30 u C (at 5 u C intervals), 37 and 42 u C.
starch (1.0 %, w/v) was investigated, with R2A agar used as the basal medium. Growth was assessed on blood (Difco), nutrient (NA; Difco), marine (MA; Difco), cetrimide (Difco), trypticase soy (TSA; Difco) and MacConkey (Difco) agars. DNase test agar (Difco) was used to assess the production of DNase. Other biochemical, enzymic and carbon-source-oxidation tests were performed using API 20NE and API ZYM strips (bioMérieux) and GN2 MicroPlates (Biolog) according to the manufacturers' instructions. Genomic DNA G+C contents were determined by using HPLC (Mesbah & Whitman, 1989) . Fatty acids, from biomass harvested from R2A agar plates after incubation at 20 uC for 48 h, were analysed according to the standard protocol of version 6.1 of the Sherlock Microbial Identification System (MIDI) and using the RTSBA6 method.
The phenotypic characteristics of strains HMD1001 T and HMD1033 T are listed in the species descriptions. Strains HMD1001 T and HMD1033 T shared several phenotypic characteristics with most recognized Flavobacterium species, including cell morphology, colony pigmentation, absence of NaCl requirement for growth and strictly aerobic growth.
However, the novel isolates could be distinguished from their closest recognized relatives by the features listed in Table 1 . The genomic DNA G+C contents of strains HMD1001 T and HMD1033 T were 35.9 and 32.2 mol%, respectively. These values fell within the range of contents previously reported for Flavobacterium species (31.4-40.6 mol%). The fatty acid profile of strain HMD1001 T was dominated by iso-C 15 : 0 (21.5 %), summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c; 18.0 %) and iso-C 15 : 1 G (7.6 %), whereas that of strain HMD1033 T was dominated by summed feature 3 (23.8 %), iso-C 15 : 0 3-OH (16.9 %), iso-C 15 : 0 (15.3 %) and (Bernardet et al., 1996; Van Trappen et al., 2005; Tamaki et al., 2003; Yi & Chun, 2006; Park et al., 2007; Lee et al., 2010) . anteiso-C 15 : 0 (12.1 %). These fatty acid profiles were generally similar to those reported for Flavobacterium species, with only minor variations in the proportions of some fatty acids (Table 2) . Based on the phenotypic and phylogenetic evidence, strains HMD1001 T and HMD1033 T should be classified in the genus Flavobacterium as representatives of two novel species, for which the names Flavobacterium yonginense sp. nov. and Flavobacterium myungsuense sp. nov., respectively, are proposed.
Description of Flavobacterium yonginense sp. nov.
Flavobacterium yonginense (yong.in.en9se. N.L. neut. adj. yonginense of or belonging to Yongin, the Korean city where the type strain was isolated).
Cells are Gram-staining-negative, strictly aerobic rods, approximately 0.5-0.6 mm in diameter and 1.5-2.0 mm long, without flagella and without gliding motility.
Colonies on R2A agar are convex, circular and smooth with entire margins, yellow and approximately 5 mm in diameter after 2 days at 20 u C. Growth occurs on R2A agar and TSA. No growth occurs on MA, NA, blood agar, cetrimide agar or MacConkey agar. Growth occurs at pH 7 but not at pH 6 or 8. Growth occurs in the presence of 0-0.5 % (w/v) NaCl (optimum, 0.5 %) and at 15-30 u C (optimum, 20 u C).
Oxidase and catalase activities are present, but arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, b-galactosidase and L-phenylalanine deaminase activities are absent. Dextrin, aesculin and starch are hydrolysed but agar, DNA, casein, CM-cellulose and gelatin are not. Flexirubin-type pigments are produced. Positive (API ZYM) for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase, b-galactosidase, a-glucosidase and bglucosidase activities but negative for esterase (C4), lipase (C14), a-chymotrypsin, a-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. The following compounds are utilized as sole carbon sources in the GN2 MicroPlate: a-cyclodextrin, dextrin, glycogen, cellobiose, D-galactose, gentiobiose, a-Dglucose, lactose, lactulose, maltose, D-mannose, raffinose, sucrose, trehalose, turanose, succinic acid monomethyl ester, DL-lactic acid, succinic acid, L-alanyl glycine, Lasparagine, L-aspartic acid, L-glutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-ornithine, L-proline and a-Dglucose 1-phosphate. The other carbon sources in the GN2 MicroPlate are not utilized. The major fatty acids (.5 %) are iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 v6c and/ or C 16 : 1 v7c), iso-C 15 : 1 G, iso-C 15 : 0 OH, iso-C 17 : 0 3-OH and anteiso-C 15 : 0 . The complete fatty acid profile of the type strain is given in Table 2 .
The type strain, HMD1001 T (5KCTC 22796 T 5CECT 7594 T ), was isolated from water of a mesotrophic artificial lake in Yongin, Republic of Korea. The type strain's genomic DNA G+C content is 35.9 mol%.
Description of Flavobacterium myungsuense sp. nov.
Flavobacterium myungsuense (my.ung.su.en9se. N.L. neut. adj. myungsuense of or belonging to Myungsu, the artificial lake from which the type strain was isolated).
Cells are Gram-staining-negative, strictly aerobic rods, approximately 0.7-0.8 mm in diameter and 1.4-1.5 mm long, without flagella and without gliding motility. Colonies on R2A agar are convex, circular, and smooth with entire margins, yellow-orange and approximately 5 mm in diameter after 2 days at 20 u C. Good growth occurs on R2A agar and TSA. No growth occurs on MA, NA, blood agar, cetrimide agar or MacConkey agar. Growth occurs in the presence of 0-2.0 % (w/v) NaCl (optimum, 0.5 %), at pH 7-8 (optimum, pH 7) and at 4-25 u C (optimum, 20 u C).
Oxidase and catalase activities are present but arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and L-phenylalanine deaminase activities are absent. Dextrin, aesculin and starch are hydrolysed but agar, casein, CM-cellulose, gelatin and DNA are not. Flexirubintype pigments are not produced. Positive (API ZYM) for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities but negative for lipase (C14), cystine arylamidase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase activities. The following compounds are utilized as sole carbon sources in the GN2 MicroPlate: Tween 80, maltose, succinic acid monomethyl ester, acetic acid, glycyl L-glutamic acid, L-ornithine, Lproline, inosine and thymidine. The other carbon sources in the GN2 MicroPlate are not utilized. The major fatty acids (.5 %) are summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c), iso-C 15 : 0 3-OH, iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The complete fatty acid profile of the type strain is given in Table 2 .
The type strain, HMD1033 T (5KCTC 22825 T 5CECT 7649 T ), was isolated from the water of a mesotrophic artificial lake in Yongin, Republic of Korea. The type strain's genomic DNA G+C content is 32.2 mol%.
